Objective: To assess the nutritional status for vitamins B 6 and B 12 and folate in an adult Mediterranean population, in order to identify patterns of intake, groups at risk for deficiency, and factors that might influence this risk. Design: A cross-sectional epidemiological survey. Setting: Andalusia, a western Mediterranean region in southern Spain. Subjects: The study was carried out with a random sample of 3528 subjects (1813 men, 1715 women) who were between 25 and 60 y of age. Blood samples were obtained for biochemical assays in a random subsample of 384 subjects (183 men, 201 women). Interventions: Food consumption was assessed by 48-h recall. Vitamin B 6 was measured as alpha erythrocyte aspartate aminotransferase activation coefficient (aEAST); vitamin B 12 and folate concentrations were measured in plasma. Results: Energy and vitamin intakes were significantly higher in men than in women. In men, intakes were below two-thirds of the RDA in 10.8, 2.9 and 22.6% for B 6, B 12 and folate, respectively. The corresponding figures in women were 16.7, 5.1 and 23.5% for vitamins B 6 , B 12 and folate. Age, place of residence and educational level, alcohol use and smoking were also associated with differences in the intake of these nutrients. Biochemical analyses showed that vitamins B 6 , B 12 and folate status was acceptable in 75.7, 89.1 and 57.6% of the population, respectively. Plasma concentration of folate was significantly higher in women. Conclusion: Our results provide a precise estimate of the nutritional status for vitamins B 6 , B 12 and folate in the adult population of southern Spain. Factors such as age, place of residence, level of education and smoking can increase the risk of inadequate intake of some nutrients. However, these factors did not affect biochemical indexes of nutritional status in the present study.
Introduction
The development of the Spanish economy in recent decades and the consequent social and cultural changes have brought previously unfamiliar products to the Spanish marketplace; this in turn has transformed traditional consumer patterns and dietary habits in this typically Mediterranean country (Moreiras et al, 1990; Serra-Manjem et al, 1993) . The influence of the mass media, tourism and international trade (among other factors) has gradually favored the appearance of new dietary habits characterized by a decrease in the consumption of grain products, potatoes, green vegetables and legumes, and an increase in the consumption of meat, fruit and dairy products (Moreiras et al, 1995; Serra-Manjem et al, 1995) .
Dietary habits in a given population can be a determining factor of health, and inadequate intakes of certain nutrients have been linked to highly prevalent diseases and disorders with high mortality rates such as cardiovascular disease, some types of cancer, obesity and anemia. Although it is difficult to discover the exact extent to which an inadequate diet causes these health problems, changes in diet can influence their course (James, 1995) . It has been suggested that changes in dietary habits in Mediterranean populations in the last few decades have been accompanied by an increase in risk factors for diseases such as diabetes, coronary artery disease and some types of cancer (Nestle, 1995) .
Vitamins B 6 and B 12 and especially folate are known to determine plasma concentrations of homocysteine; moderate increases in circulating concentrations of homocysteine are related with cerebrovascular and coronary heart disease (Stampfer et al, 1992; Selhub & Miller, 1993; Voutilainen et al, 2000) . These are the most frequent causes of death in our study area (Instituto de Estadística de Andalucía (IEA), 2001). In addition, deficits in these vitamins have also been associated with the prevalence of several types of cancer (Potera et al, 1977; Cravo et al, 1992) , neural tube defects , neuropathy (Herbert, 1994) and anemia (Herbert, 1994; Leklem, 1999) .
The aim of this study was to assess the nutritional status for vitamins B 6 , B 12 and folate in the adult population of the region of Andalusia (southern Spain). This geographical region differs from the rest of Spain in some socioeconomic characteristics: mean family income is below the national average, and unemployment is higher (IEA, 2001) . Moreover, eating habits are known to differ somewhat from the mean national figures for certain food groups such as bread, potatoes, fruit and milk (Ministerio de Agricultura Pesca y Alimentació n (MAPA), 2000). Our findings document the patterns of intake, identify groups at risk for dietary deficiency, and suggest factors that may influence nutritional status for these nutrients. It is hoped that this information will be useful in developing future health interventions based on dietary habits.
Methods

Participants
We did a cross-sectional epidemiological survey with a representative random sample of adults living in the region of Andalusia, an 87 597-km 2 area in southern Spain with 7 305 117 inhabitants (IEA, 2001) . The participants were between 25 and 60 y old at the time of the study. Sampling was probabilistic and stratified, and took place in several stages. The primary sampling unit was cities and towns (municipalities), the secondary unit was homes, and the tertiary unit was individuals of either sex. In each of the eight provinces (domains) that make up the region the sample was distributed proportionately between men and women, and between three age groups: 25-39 y, 40-49 y and 50-60 y. Municipalities were chosen randomly in each province with adequate measures to ensure that towns of different sizes (o10 000, 10 000-100 000 and 4100 000 inhabitants) were accurately represented in the sample. Secondary sampling units (homes) were selected with a random walk procedure.
The population of inhabitants between the ages of 25 and 60 y at the time of the study was 2 946 228 (IEA, 2001 ). The theoretical sample size was 3680 subjects for a sampling error of less than 5% and estimates at the 95% confidence level. Ten municipalities were chosen in each province, 46 homes were chosen in each municipality, and one person was chosen in each household. The actual sample consisted of 3528 individuals (1813 men, 1715 women), for a participation rate of 95.87% with valid observations. Participants were asked if they had any acute or chronic illness, and were included if they were (or appeared to be) in good health; pregnant and lactating women were excluded. Vitamin or vitamin-mineral supplements were consumed by 3.9% of the sample.
Blood samples were taken for biochemical analysis from a random subsample of 384 subjects (183 men, 201 women), who comprised approximately 10% of the sample. Of this subsample, 3.2% used vitamin or vitamin-mineral supplements.
Food consumption was assessed by 48-h recall with the aid of photographs as a reference for portion size. The pictures showed fresh foods or foods prepared according to usual recipes for dishes that are widely consumed in the area. Food intakes were converted into energy and nutrients with the help of the Spanish Food Composition Table (Mataix et al, 1998) . The composition database was used under AYS44 Diet Analysis software from ASDE, SA (Valencia, Spain).
Analytical methods
Blood was collected in the morning after the participants had fasted overnight. Sodium heparin was used as an anticoagulant, and the samples were centrifuged at 3000 Â g for 15 min at 201C to separate plasma. Washed erythrocytes were divided into small aliquots for subsequent analysis. EDTA was used as an anticoagulant for hematological determinations. Erythrocyte count, hemoglobin and hematocrit were determined using a Technicon H-1 autoanalyzer (Química Farmacéutica, Bayer S.A., Divisió n Diagnó stica, Barcelona, Spain).
To assess B 6 nutritional status, we used erythrocyte aspartate aminotransferase activity (EAST) with and without added pyridoxal phosphate (PLP). The activation coefficient (a) for EAST (aEAST) was taken as the ratio of activity with added PLP to activity without PLP (Vuilleuimier et al, 1983) .
To assess vitamin B 12 and folate nutritional status we used the competitive enzyme immunoassays Ridascreens Vitamin B 12 and Ridascreens Folsäure (r-biopharm GmbH, Darmstadt, Germany).
Statistical analysis
The experimental data were subjected to Student's t-test for independent samples. Analysis of variance (2 Â 3-way ANOVA) was used to test the differences in intake and analytical values between sexes and age groups, and to look for interactions between age (as a three-level variable) and sex. Linear regression analysis was used to find bivariate correlations; Pearson's correlation coefficient was calculated for 95% confidence levels. All analyses were done with version 10.0 of the Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA). Differences were considered significant at the 5% probability level. Table 1 shows mean daily intakes (g/person) for different food groups in men and women. The amounts of bread and potatoes are specified because of the considerable impact of these two foods on carbohydrate intake in our setting, and because their consumption in Spain has reportedly declined notably in recent years (Moreiras et al, 1995) . Men ate significantly more food in all food groups except green vegetables, fruit, legumes, cheese (Aranceta, 1995) . Energy and vitamin crude intakes were significantly higher in men than in women. However, when vitamin intake was adjusted for energy intake, the difference between sexes was significant only for folate. In men, intakes were below two-thirds of the RDA in 10.8% of the participants for vitamin B 6 , in 2.9% for vitamin B 12 and in 22.6% for folate. The corresponding figures in women were slightly higher at 16.7% for vitamin B 6 , 5.1% for vitamin B 12 and 23.5% for folate.
Results
Figures 1, 2 and 3 show the contribution of the different food groups to vitamin B 6 , B 12 and folate intake, respectively. In our population meat+fish supplied 39.9 and 79.6%, respectively, of the vitamins B 6 and B 12 However, for folate, fruits, pulses and vegetables supplied the largest percentage intakes.
The results of the biochemical analyses showed that plasma concentrations of all three vitamins were within normal limits in both sexes. There were no significant differences between the sexes in biochemical values for vitamins.
The percentage of the population at risk for deficiency for each of the nutrients was calculated according to the following classification: deficient (high risk), low (moderate risk) or acceptable (low risk) (Sauberlich, 1999) . The lowest percentage of the population with an acceptable status (46 ng/ml) was found for folate (57.6%), whereas these values were 75.5% for vitamin B 6 (aEAST o1.70) and 89.1% for vitamin B 12 (4200 pg/ml). However, the largest percentage of participants in whom intake was deficient (aEAST 4 1.85) was found for vitamin B 6 (18.7%) as compared to 12.8% for folate (o3 ng/ml), and 8.6% for vitamin B 12 (o150 pg/ml). Thus the percentages of the population at moderate risk (low intake) were 5.8% for B 6 (aEAST 1.85-1.70), 2.3% for B 12 (150-200 pg/ml) and 29.6% for folate (3-6 ng/ml). Analysis of variance revealed a significant (Table 3) , we found that vitamin B 6 intake was highest in the youngest group (25-39 y). For folate, however, the youngest group had the lowest mean intake, which was significantly lower than that in the 50-60-y-old group. The only significant difference in the biochemical indexes of nutritional status was found for vitamin B 12 , whose values were significantly lower in the 40-49-y-old group than in the 25-39-y-old group (Table 3) .
Because of the long coastline of the region of Andalusia (approximately 800 km), we compared intakes for inhabitants living in coastal and interior municipalities. No significant differences between coastal and interior inhabitants were found for vitamins B 6 and B 12 ; however, mean folate intake was significantly lower in coastal areas (mean [s. Lower educational levels were associated with lower vitamin B 6 and folate intakes, such that mean folate intake was significantly higher in participants with university-level studies than in those with elementary school studies or no formal education. However, the results of the biochemical analyses showed no significant differences between subgroups compared according to educational level (Table 4 ).
We also examined the possible effect of alcohol use and smoking on the status of these three vitamins. In the population who drank (49.1% of the total population), B 6 intake was significantly higher (2. In contrast with the differences for intake that we found when we compared participants for lifestyle variables, the results of the biochemical analyses showed no significant differences between subgroups of drinkers (48% of the subsample used for biochemical analyses) vs non- The values we obtained for intake and biochemical indexes were subjected to bivariate analysis to search for linear correlations between intakes of the different nutrients, and between nutrient intake and plasma concentration. Energy intake appeared to correlate significantly with the intake of vitamin B 6 (r ¼ 0.34, Po0.01), B 12 (r ¼ 0.24, Po0.01), folate (r ¼ 0.24, Po0.01), aEAST values (r ¼ À0.18, Po0.001) and plasma B 12 (r ¼ 0.17, Po0.01). Alcohol intake correlated with energy intake (r ¼ 0.37, Po0.01), vitamin B 6 intake (r ¼ 0.128, Po0.01), vitamin B 12 intake (r ¼ 0.08, Po0.01) and the number of cigarettes smoked per day (r ¼ 0.24, Po0.01). Moreover, the number of cigarettes smoked per day correlated directly with MCV (r ¼ 0.21, Po0.001), energy intake (r ¼ 0.16, Po0.01), vitamin B 6 intake (r ¼ 0.04, Po0.05) and vitamin B 12 intake (r ¼ 0.05, Po0.01), and inversely with folate intake (r ¼ À0.08, Po0.01). We also found a direct linear correlation between vitamin B 12 intake and plasma concentration (r ¼ 0.15, Po0.01) and an inverse linear correlation between folate intake and aEAST value (r ¼ À0.17, Po0.001).
Discussion
Our findings show that mean intakes of most of the different food groups (Table 1) were similar to those reported for Spain. However, we found that in comparison to mean national intakes (MAPA, 2000) , adults in southern Spain ate less bread and potatoes, and more fruit and milk.
In reviewing the intakes of the different food groups, we found that there has been a tendency to move away from the so-called Mediterranean diet, as suggested by the consumption of large amounts of meat and dairy products and low amounts of cereals (Nestle, 1995) (Table 1) . However, the diet also contained large amounts of foods of vegetable origin (mainly fruit) and vegetable fat (mainly olive oil), with monounsaturated fat accounting for 50% of the fat intake. The amounts of eggs and cheese in the diet were not large. Therefore, the diet our participants consumed maintained some of the features of the Mediterranean diet (Helsing, 1995; Keys, 1995; Willett et al, 1995; Rodríguez Artalejo et al, 1996) . A feature typical of the Spanish diet was the higher intake of fish than in other Mediterranean countries (Helsing, 1993) .
Mean energy intake in our population (Table 2) was lower than the national daily mean (11.02 MJ/day); however, the percentages of energy supplied by different macronutrients (see Results) were similar to those from an earlier study of the Spanish population (Moreiras et al, 1995) .
Mean intakes of vitamins B 6 and B 12 in our study population were higher than the RDAs for the adult population in Spain (Varela, 1994) , and were also higher than the RDAs established by the Institute of Medicine (1998). The high mean intakes of vitamin B 12, almost triple the RDA, were the result mainly of the high intakes of meat Mean values were significantly different from those for the group with university-level education. f 243 persons with elementary school education and 10 persons with no formal schooling. aEAST = Erythrocyte aspartate aminotransferase activity coefficient.
Vitamins B 6 and B 12 and folate E Planells et al and fish, foods that supplied 79.6% of this vitamin in the diet our population consumed (Figure 2) . Moreover, mean intakes of vitamin B 6 in both men and women surpassed the recommended amount of 20 mg/g protein . However, folate intake was close to the RDA for the adult population in Spain (200 mg/day for men and women) (Varela, 1994) , although much lower than the RDA of 400 mg/day suggested by the Institute of Medicine (1998), and lower than the amount required to maintain plasma homocysteine concentration (350 mg/day) (Krishnaswamy & Madhavan, 2001) .
The linear correlations between energy intake and intake of each of three vitamins (see Results) supports the notion that the greater vitamin intake in men was related to their greater energy intake. However, when we expressed the results adjusted by energy, we found no significant differences between men and women for vitamin B 6 or B 12 ( Table 2 ). The intake of folate adjusted by energy was significantly higher in women than in men (Table 2) . Hercberg et al (1991) also found a greater dietary density of vitamins in women than in men.
However, although the difference in folate intake between men and women was significant, it may not have been large enough to be translated into a detectable biological difference.
The intakes of each of the three vitamins in southern Spain were similar to the mean values reported for Spain globally (Moreiras et al, 1995) . However, folate intake in our study population was lower than in the adult population of other Western countries (Carvalho et al, 1996; Brussaard et al, 1997; Ford & Ballew, 1998) .
The results of the biochemical analyses reflected adequate intakes of all three vitamins in both sexes ( Table 2) . The percentage of individuals in our sample (19%) in whom B 6 intake was deficient (see Results) was similar to that found for a sample of Spanish women aged 21-30 y (Haller et al, 1991) and in French adults (Carvalho et al, 1996) , but lower than that found in the EURONUT-SENECA study (Haller et al, 1991) for Europeans aged 70-75 y (23.3%). In our study area, the prevalence of vitamin B 12 deficiency (8.6%) and folate deficiency (12.8%) was reportedly higher than in the EURONUT-SENECA study (2.7% for vitamin B 12 , 0% for folate) (Haller et al, 1991) , although in a follow-up study published in 1996 (Haller et al,1996) , the percentage of persons with deficient folate intake had risen to 7.3%, a value close to our figure. Our figure for the prevalence of folate deficiency in southern Spain was similar to that reported for inhabitants of the Canary Islands aged 6-75 y (13.1%) (Henriquez et al, 2000) . The differences between these studies may have been influenced by differences in the composition of the study population and in the techniques and criteria used by different authors to define high risk for deficiency.
The significant differences in vitamin B 6 intake between age subgroups (Table 3 ) may reflect the greater mean daily consumption of meat in the youngest group (25-39 y).
However, the differences in intake between age groups were not reflected as differences in plasma concentration. Increased protein intake is known to impair B 6 status (Baker et al, 1964; Hansen et al, 1996) .
Folate intake tended to increase with age, and this tendency was more evident in men than in women. A possible explanation for this is the greater consumption of fruit in older age groups. On the other hand, the changes with age in the intake of other foods that contain large amounts of folate were smaller. For example, the mean daily intake of grain products and potatoes tended to decrease with age, whereas the intake of legumes and vegetables tended to increase. In general, we found that traditional dietary habits are followed more often by middle-aged and older persons in southern Spain. The preference for more traditional diets among older persons was also reported by Scali et al (2001) in their survey of inhabitants of southern France.
The biochemical indexes of nutritional status for vitamins (Table 3) failed to reflect the greater folate intake in older persons. Some studies have suggested that folate retention in tissue declines with increasing age (Buttriss, 1999; Reynolds, 2002) .
The greater folate intake among inhabitants of interior areas (see Results) may be explanable by the greater daily consumption of grain products and fruit in comparison with inhabitants of coastal areas. Grain products and fruit reportedly supply 29.4% of all dietary folate in our population ( Figure 3 ) and 32% in the general population in Spain (Aranceta et al, 2000) . Although vitamin B 6 status differed significantly between the interior and coastal population (see Results), mean values for both were within the normal range. However, the greater folate intake in the interior population led to plasma concentrations that were only slightly higher than those in the coastal population.
Educational level is known to influence certain trends in nutrient intake (Quandt, 1998) . We found folate to exemplify this association: intake was lowest among persons with the lowest levels of education (Table 4) . However, the higher intakes of vitamin B 6 and folate in persons with secondary school or university-level education were not reflected as significantly higher plasma concentrations of these nutrients.
The greater intakes of vitamins B 6 and B 12 in drinkers was the result of the greater meat and fish intake in this subgroup. In the population as a whole, meat + fish supplied the largest percentages of the dietary B 6 and B 12 (Figures 1  and 2 ), although drinkers ate less fruit and milk. These results are consistent with the linear correlations between alcohol intake and vitamin intakes (see Results).
Earlier studies have found that B 6 (Lumeng & Li, 1974 ) and folate requirements (Halsted et al, 1971 ) are higher in chronic alcohol abusers. The moderate-to-low alcohol intakes in the population we studied (between 1 and 2 drinks/day) may help explain why we found no impairment in vitamin status among drinkers in this study.
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In smokers, however, the greater intakes of vitamins B 6 and B 12 reflected mainly the greater meat consumption. The lower folate intake in smokers was related with a lower intake of fruit and vegetables in this subpopulation. Subar et al (1990) also reported lower folate intakes in smokers than in nonsmokers. These results are consistent with the linear correlations between the number of cigarettes smoked and vitamin intakes (see Results). The greater MCV in smokers than in nonsmokers (Ortega et al, 1994) was the result of the higher hematocrit (Rampling, 1999) .
The results of biochemical analyses of vitamin status are known to be affected by intake and bioavailability. However, the low correlation coefficients, orFmore oftenFthe absence of any linear correlation between intake and biochemical indexes (see Results), indicates that bioavailability may have been affected by other factors that can influence vitamin status, such as the frequency of 5,10-methylenetetrahydrofolate reductase C677T polymorphism, a mutation that increases folate requirements (Jacques et al, 1996) . In this connection, we note that the prevalence of this mutation in Spain is among the highest in Europe, and is similar to the prevalence in Italy (Guillén et al, 2001) . Another potential factor is the existence of undetected inflammatory processes, which are known to affect vitamin B 6 status (Friso et al, 2001 ). These considerations suggest that additional research is needed before these correlations can be unequivocally added to the body of knowledge of vitamin nutrition.
Nevertheless, our biochemical results show that nutritional status was deficient (high risk) in 18.7% and low (moderate risk) in 5.8% of our study population for vitamin B 6 , whereas for folate, the corresponding figures were 12.8% for deficient status and 29.6% for low status. These figures may reflect the decreasing consumption of foods rich in these vitaminsFgrain products, potatoes, green vegetables and legumesFas a result of the gradual appearance of new dietary preferences. Because this trend might favor the increase in mortality from cerebrovascular and ischemic heart disease in this region of approximately 5 per 100 000 inhabitants between (IEA, 2001 , further research will be needed to discover the exact relation between nutritional status and risk for these significant public health problems.
Despite the complexities that characterize comparisons of data and interpretations of the findings from survey studies, our results provide a precise estimate of the nutritional status for vitamins B 6 , B 12 and folate in the adult population of southern Spain, a large Mediterranean region. Factors such as age, sex, place of residence, level of education and smoking can increase the risk of inadequate intake of some nutrients. However, these factors did not affect biochemical indexes of nutritional status in the present study.
